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ABSTRACT 

During t h e  f i n a l  month of t h e  cont rac t  t h e  emphasis was placed upon t h e  
prepara t ion  and charac te r iza t ion  of t he  coordination polymers of @-trans- 
[@PN(NH2)]4 with various copper and cobalt  sa l ts .  
conditions necessary t o  obta in  1:l adducts was made varying the  solvent,  r e -  
ac t an t  r a t i o s ,  t r a n s i t i o n  metal salt ,  r eac t ion  temperatures, and reac t ion  time. 
Polymeric ma te r i a l  was obtained without t he  elimination of ammonia and t h e  
t r a n s i t i o n  metal could be quan t i t a t ive ly  removed from these  polymers with 
sequestering agents leav ing  impure p-trans-[@PN(NH2)] 4.  Heating the  1:l co- 
ord ina t ion  polymer leads t o  deammoniation and a d i f f e r e n t  polymer with t h e  
t r a n s i t i o n  metal coordinated i n  p a r t  with the  phosphonitri le r i n g  nitrogens.  
Thermal s tud ie s  on both types of polymers were conducted with a thermogravi- 
metric balance. The p a t t e r n  of thermal degradation i s  s i m i l a r  t o  t h a t  ob- 
served f o r  t h e  ladder polymers obtained from p-trans-[@PN(NH2)] 4 except i n  
t h e  polymers t h a t  contain t r a n s i t i o n  metal s u l f a t e s .  I n  t h i s  spec i f i c  case, 
t h e  weight loss  a t t r i b u t a b l e  t o  phenyl-phosphorus bond-cleavage occurs a t  
temperatures 50" t o  100°C higher than t h e  degradation temperature of t h e  
o the r  polymers. 

A study of t h e  r eac t ion  

DISCUSSION 

I. Copper Coordination Polymers with ~ - t r a n s - r Q ( P N ( N H ~ ) 1 ~  

so lvent )  {@ -trans-[@PN(m2)14 * m2 1 n 

The reac t ion ,  

n ~ - t r a n s - [ $ ~ ~ ( ~ ~ 2 ) ] 4  + n C U X ~  

has been conducted i n  a v a r i e t y  of solvents;  methylene chloride,  tetrahydro- 
furan, dimethoxyethane, a c e t o n i t r i l e ,  and chlorobenzene. Attempts t o  prepare' 
adducts with cupric chloride,  cupric su l f a t e ,  cupric s u l f a t e  monohydrate, and 
cupr ic  s u l f a t e  pentahydrate i n  varying stoichiometric r a t i o s  t o  phosphoni- 
t r i l i c  cyc l i c  have been made. The combination of equimolar amounts of CuC12 
and PN cyc l i c  i n  THF has been t h e  most s a t i s f ac to ry ,  leading t o  1:l polymeric 
adducts i n  high y i e l d s .  

A summary of t h e  preparations conducted during t h i s  period i s  shown 
i n  t h e  following t a b l e .  

T rans i t i on  
Metal S a l t  

CuS04. H20 

CuS04. H20 

&SO4 
cuc12 
&SO4 
Cuso4 

CUSO~. H20 

CUSO~. H20 

Ratio of S a l t  t o  
p - t r a n s  - r @N ( NH? )1 

1O:l 
1:l 
1: 1 
1: 1 

1: 1 
1: 1 
1:l 
1:1 

Solvent 

THF 
Glyme 

CH2C12 

CH3CN 

CH3CN 
CH3CN 
THF 
Glyme 
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Yield of 

Polymer 
CHC13 Sol. 

0% 
0% 
7046 
80% 

d 5  % 
86% 
0% 

50% 

Emp ir i c a1 
Fur-l.iula of 

Polymer 



It w a s  concluded from t h i s  study t h a t  t h e  b e s t  solvent i s  THF when 
t h e  sa l t  i s  h C 1 2 .  Adducts a r e  formed i n  a c e t o n i t r i l e  and dimethowethane 
(glyme) when the  sal t  i s  CuSOa.H20, but these  ma te r i a l s  do not contain one 
copper per  cyc l i c .  P a r t i a l  deammoniation occurs i n  a c e t o n i t r i l e .  

A clue t o  the  manner i n  which the  copper s a l t  was incorporated i n t o  
the  polymer w a s  obtained by attempts t o  remove it with sequestering agents.  
Trea t ing  t h e  polymer with water had no e f f e c t ,  bu t  a g i t a t i o n  with 0 . O U  HC1 
caused the  polymer t o  slowly lo se  the  copper sal t ,  leaving impure but e a s i l y  
i d e n t i f i a b l e  B-trans-[$PN(NHz)] 4.  Treatment of t h e  polymer with aqueous 1 .ON 
base d id  not le8d t o  l o s s  of t h e  copper s a l t .  Three sequestering agents, t h e  
tr isodium sal t  of n i t r i l o  t r i a c e t i c  ac id  (N( CH2COONa)3),  imidoacetic ac id  
(HN( CH&OONa)2), and ethylene diamino t e t r a a c e t i c  acid,  disodium sal t ,  were 
s t i r r e d  with t h e  polymer i n  chloroform so lu t ion .  
copper salt  was rap id  and t h e  mater ia l  remaining w a s  impure @-trans-[@PN(NH2)] 4.  

I n  each case t h e  removal of 

The polymeric adducts could be thermally deammoniated by hea t ing  t o  
approximately 1gO"C. 
evolution were made, bu t  the  polymeric res idue  w a s  soluble i n  chloroform and 
approximately the  same green co lor  as the  ma te r i a l  with four  NH2 groups on 
each cyc l i c .  The in f r a red  p a t t e r n  of t h i s  ma te r i a l  showed a new absorption 
band a t  1150 cm-l which i s  t y p i c a l  of phosphoni t r i l i c  cyc l i c s  with a metal 
coordinated with the  r i n g  nitrogens.  Treatment of t h i s  deammoniated polymer 
with EDTA, disodium salt,  d id  not lead t o  as rap id  a removal of copper sal ts  

as had been observed with the  o r i g i n a l  polymer [[$PN(NH2)14. C h C L d n  

No c a r e f u l  measurements of t h e  amount o r  r a t e  of ammonia 

11. Cobalt Coordination Polymers with @-trans-[@PN(NHp)] 6 

Additional q u a n t i t i e s  of the B-trans-[$PN(NH2)]4. CoC12 polymer were 
prepared i n  y i e l d s  of 49% and 76%. 
CoC12 u n i t  and various chloroform soluble f r a c t i o n s  had molecular weights 
from 1100 t o  4600. 
s a l t  of n i t r i l o  t r i a c e t i c  acid, the cobaltous ch lor ide  w a s  quan t i t a t ive ly  
removed leaving impure B-trans-[$PN(NH2)] 4.  
ammonia, and an  elemental ana lys i s  of t h e  r e s u l t i n g  polymer, 19.6%N, 13.3$N, 
43.3$C, 3.2%H, 9.8$ci and 8.3kC0, indicated t h e  empirical  formula was 
@ ~ P & ( N H ) ~ . C O C ~ ~ .  
t h e  sequestering agent, t h e  trisodium salt  of n i t r i l o  t r i a c e t i c  ac id .  

The polymers analyze f o r  one tetramer per 

When t r e a t e d  with an  aqueous sobution of t h e  trisodium 

Upon heating, t h e  polymer evolved 

This polymer did not r e a c t  with an aqueous so lu t ion  of 

ANTICIPATED WORK 

To conclude the  cont rac t ,  t h e  thermal behavior of t h e  various deam- 
moniated polymers w i l l  be inves t iga ted  t o  determine i f  the re  a re  s ign i f i can t  
improvements over r egu la r  ladder polymers. 
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The following breakdown shows the cumulative man-hours expended to 
date : 

T h r . .o  u e: h 

Principal Investigator 
Department Direct o r  
Senior Chemist 
T e chnic i an 
Analytical Chemist 
Analytical Technician 

February March April 

201 238 295 
76 85 94 

45 53 

1678 195 8 2474 
2032 2184 2404 

20 22 
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